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(54) ULTRAVIOLET-RAY EMITTING ELEMENT 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide an ultraviolet- 
ray emitting element with higher output by optimizing the 
structure of the ultraviolet-ray emitting element of 
which the InGaN is the material of a light emission layer. 
SOLUTION: On a crystal substrate B, a laminated 
structure S comprising a GaN-based crystal layer is 
formed across a buffer layer or directly while including a 
light emission part. The light emission part is in a multi- 
quantum well structure and InGaN which can emit 
ultraviolet rays is used for well layers, the number of the 
well layers is 2 to 20 and the thickness of a barrier layer 
is 7 to 30 nm. Consequently, high-output ultraviolet-ray 
emission is obtained although InGaN is used for a light 
emission layer. 
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it. ttWVttgtttifci* pSUIhnM«i:*#LTflWc$ 
l£&ftStti£»M^#F»i££#U #F*#£ 

fl^MfcwsKr i n g a njm««»£* o . #fjb<^is 

[HM8I2 ] ±i2«JS«Jt#A 1 NflS***** 7 r 

1 N«}fiJ&£A«y 7 rJiOlthfc: A 1 iGai-iN ( 0< 
xSl ) T*ftl#»Jfc3 itT ^ & .1 £ i: --r & ft* 

3 Al,Gai-,N (0<xSl)T*«i: 

® t -r s m$3 2 tmnmm&im? . 

[IS** 4 ] JjaMMfHWOp&JIfc nWMb 
?hJ|tfI nvGai-yN (0<YS1) £ £ 

itnafc-f &i**f i ~ 3 ^-rti^zw&nmmm: 

1 0 n m-3 0 n mtJiii J: tWtktiWtfll 1 ~ 

im&6 3 ±ie^** : P#FfliJt**. ftganoG a 

N)MMfc*» 5r 4 #F« Si Sottas GaN^*> 

b%z>mmmttz£'>xm&LZtitci>v>x'&&. imm- 30 

[9t*JS7 3 JJaMft^FUBW, I niGai-i 
N (0<x^l ) j&»4>3r4#FJifc» GaNK4*» 

[1**318] tihlUHKJ:#F*fc£>n£, A 1 GaN 

[1**319 3 *jHHR*«iifcDneiftJiia:«*tfc«>^> 
x-h o . g a NjftNMtfRnaaMH T^ffiBfe* tm 40 

[00 0 13 

ML, Wc, mm*%\-%Z>m.$Lcni nGaNMf4 
jWHW^tWi: LTJBV^ttte, GaN*»**M*» 

[00 02] 

[fi!5fc<0&fl?3 GaNIM^^-b' (LED) ^G 50 
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a N3R i NW*sl'-ir- ( L D ) 4 if <r>G a NI^S^ 
t , I n G a N ^MSCffl^^ 1> <0 ( 

413X3*1.* fc MMk»3rt*< * 0 x tt*» 

[00033 GaWRLED-*GaN3RLDfc*$VvC, 
4 2 0 nmOT*)*^****** 3 fc-f-MHWc 
t . Hft£ii»3l£Ji<0*mi: LtlnGaNd nfflfig 

0. 1 5«t) jwhv^jh*. — mm<r>m^> 
±mx*mx<vm&M ( 3 s 0 n m ~4 0 0 n m > <fc 

D3t<. TRR{±1 nmttrtt ( 0. 2 nm—2 nm) fcS 
*rO^#. *B§NWCti, ±lfiL*:I nffi&O. 1 5 
OTO I nGaNte«k-3"CfHr£>*U>4 2 0 nm£ATO 

L»4^»<0jfeJWi3 6 5nmT*4. ioT, In 
GaNjfi* I nms&.*&mz-&&fr<OA 1 fflj££-&&>5:^ 

IWESeSnmiOfcJlV^WC**. JSIT. InGa 

g a N$&mma&=? t 

[00043 L^L. W • *ea#^-W>»*»*« 
V> I n»«teit*OC .InGa N^MSftfBKSTOi. 

■g>*£S**£.g.. ;r<o&. ±a*<oi n*fi)£S 

imtLX^\i^W)Wifb^X^h. 
[00053 InGa NKJjMU&aWFTtt. 5& 

^fPOffiitli. m-*^#F (SQW) «it^«*^ 
#F (MQW) fllJgh^it (HlffiDHfl|ji{ivgtt«*^ 

v^^tsQwflBg^ini.) . mem <#f«) 5r 

r^Sifi*TX¥j JH72JC) feiftfc. HRtettlfc* 
Mb??? h'it^Ky^t^HS; ro. 3eVj 

[000 6 3 ±ISW**^s InGaN^MI (#F 

9 «y K* • KKJItZla. ^-r UT<OHta»«r#*tT 
A'yFdft "/y'eoiz^A 1 GaNj^fflV^ltTV^. 
[00073 GSI6U. I no.osGao.97N (3%3Hft*3 
8 0nm) t«Jt«<0*mi:Ufe, «3(W«jMILED 

feS*«B10±tC. A 7 7t1B20^U, nl 
GaNny^bJll 0 f«±CSQW 
flfit«WS*» (nlAlo.iGao.9N?57H110 
2. I no.o3Gao.9?N#Fa (H3fea) 103. pI 
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A lo. iGao.6N?5'y KJB 1 04 ) , plGaNny 
Ml 0 5*«JIRWS*i«*fc:J:-5T«*«tafe*iT 

miO l±t=(inM«ffiPl O^lftft/on. pIGaN 
[0008] H6 (OWfcfett *»3(HWi S QWHBBT* 

■r*jM?s6**o, -«wwi3-6 nmmcefc^^r^ 10 

100 09] 

[^BJ*«»^LJ;di:-r4PSi3 L*»U**»fe,-±E<0 
Z$liZm«<?>ft%M<Om&b%tlX^Xh. InGaN 

+tt%mmt>h.x^%fr-?tz. ^ajoisim, ± 

EIS!H£l*ftU LTI nGaN» 

ttfftxsrtaMt-r* 20 

[00 103 

wtw. MMma&m&m&n i n g a N»*mv* 
<o#FJie>at mmmcomz zftfecomzmsz-tz £ t 

Wot. aa*rti±3'«»*£l:fcJt.tilU #& H J£ 
[00113 ( 1 ) tSflffiKJifc:, 7 rJltrt UT 

#FJi*«l(WIW«KW5r I n G a N 0 . 

#FJ1<0»#2~2 0, H«tJltf>JlE3j& t 7 nm~3 0 n 

[00123 ( 2 ) iMmmmm&A 1 nasua*'*? 

ISA 1 NfiaUtJf 7 rJitffltfcfcA 1 iG ai-i N 
(0<xSl ) Ti&Mimj&iitiX^&ZbZmik-t 40 

4±ia < i ) ie«<?«iuMt»3iB**. 

[00 1 33 (3) AliGai-xN (0<xSl ) T» 
mb#~FMb<nmz, A lGaNK^W^'^c 
fcWafc^-iJJE < 2 ) Cfl!fc3*»HHfcft*?. 

[00 143 ( 4 ) ±I5««fll3t^pa/li: nllt 
Offi«IS5«*<pa«Sr±ffi!lfci-St)^T*-3T. pI3 
bM&I nvGai-vN (0<YS1 ) 

b *¥fmb-$-2>±iz ( i ) - ( 3 ) co^-rntHzmmco 

[00 1 53 (5 ) ±IB^S*^#F«it* $ pM«i:^ 50 
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§*>*1 0 nm~3 0 nmX'$>&ZbZftWlb'fZ>±Sd. 

( i ) ~ ( 4 ) w^-rtiMzimnmmftftm?. 

[00 1 63 ( 6 ) ie^MHWFflHM^ 4tiRDltf> 
G a NjRISAfr 6 #FJB fc, Si ffifto G a N^iS 

§2 ( 1 ) ~ ( 5 ) COV^-ffL*HCfBtt^)^H*^aR^. 
[0 0 1 73 ( 7 ) ±ge^S»^#F«5t*^ ImG 
ai-,N ( 0<xS 1 ) frt->%:&#Wmb. GaN*>£> 

( i ) - ( 6 ) co^jxMzmwwmfmztim?. 
[ooi83 (8)&sm&bWFmb<mtz. aig 

aN*»fc3r*JiaaSrt%£fc fcW»fc"*-4_kie ( 1 ) SB* 
[00 1 93 ( 9 ) i» I Sy^#flffifc[Hfl£Jnl$iX7t 

tw* o , g a N*ttAJi#KQQa*«o T«ffl«* 
Lmmmmbtp^x^h. jje ( 1 ) ~ <s> <ovy*yi 

[00203 

[*»0Hlt*5#»] *fKBTV^GaN*ktt, I n 
iGayA lzN ( 0SXS 1 „ OfiZS 

1 . X + Y + Z= 1 > x^ixhit^^mw-xh^ 

T> WlxJf,. A 1 N„ GaN, A 1 GaN, I nGa 
N N I nGa A 1 NfcifiWMWr-flteUli: LXWfktl 
£. I nGaN^fclt ffffil nxGayA UN 

InK GafflBfeSr'iK«{C*tftWC* 
InGaNWt, I nGa N(CA 1 ifflfi!c**jDi.^ 

[oo2i3 *&mz£ tmmw&mii* wm^ 

^MSt+fciavvt, pI, nS^JBJi. t'^^^fflS 
(ttASttfia) Tft-sTfciV^ GaN^¥«fl«0i£ 
•MWrttilfcfcflH^i btcb<nWk±.<m.&frh. n 

[ 0 0 2 2 3 m 1 f4. #&HJifc J: **BMI*mtfP*>- 
W&m (LED*^«5t) ^^t7tHT'*S. RH(C* 
i 0 »C, ^A*«B±fc. G a N»ffia««A".y 7 r 

jib i *jtLXG a N%mmfr$>%mmmmstff& 
&lx&*). tmmmmsiziz, P iitnii^* 

[00233 01 COM^OV^T . <t 

GaNiaflgI; , C«/7rlBl, T^H-TGaNJI 
1\ 563tg|5 [n$GaN?77FI (=ay??h®) 

2. MQW«Jt3 (GaNBil/I nGaN#PI/ 
GaNK«Jf/I nGaN#F«/GaN|5*SiB) . P 
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MAI GaN?5>y b'JS4K plGaN3^^M 
ffiU SHHlMfc(inS1EffiPl*«$ii. PlGa 

F*^^WK51*S^Wfc^<0 I n G a NjWBV* 
4>*i. #F*<^R3&«2~2 0. PSISJic9JSSa*7 

9 SrWjSfcRfcfc VKZ tti^T. I n G a NaWPk 
[ 0 0 2 5 ] IBfcSPii, pI?7 7 KJIkna^^yH 

ay*?MK*lte-*-*jre*-»T*>J:V*. *fc, LD 
Jg=3r fc* £ ? 5 -y K*tf>l*JflKC flD* T t> «fc V >. 

[ o o 2 6 ] H3(i, TBrnmrnix'^mmzx-oxn 20 

fc/?7t*4. K^97*»«>IBfe*«SfJ:3ft:» #F* 
<9i8c<4, 2-2 0Wlt»0. u<0Wtll» 
*W*««*if*JO«vmi:«roTV^. 4fc, #FS 

[0027] #F«<0#m. I n G aNMS. «r£ 
I n,Gai-.Nt#>-)t, 4 2 0 n ml^T«05ti'htfe*^ 
# WSr»(W> i OT-fcixtt' ± V I iiiGai-iNWSr 
flcffl&I nffljfcxli, O^xSO. llt**.#RI 30 
«*mii. 4fLfc*WC«lfcI n«l«T**jfc* 
li*<, <&WcJ6&TaOG«frrtof 
JW. #F«<t>JI£J±, ^J<0M Q WflRt fc R«T$> o 
Ti<,«itf, 2nm~l 0nmT-iV\ 
[0028] MEW*. &-T L *>M? 5 •/ KJifcSJSft- 

9 -x h*Jl) tf> J: a fc. ??f h"S* J «?h<OKES»2r«ia 
TV^SI*. 40 
© ( nl? 5 v b'*/»S«/#F*/l*S*/#F« 

? 5 * k« t & mat. 

®(nl?57 F«/#F*/tt&*/#F*/li*&* 

[0029] *»WC»4, MQWflfjt^TOl*a«^ 
7nm-3 0nm!:tS. H4J4. TKWfcWC 
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Sridfc:, |$M«com£#7nm~3 0nmOB#f::*^ 
0 fc*Vt*£^ 3 0 nmi K> *>*V**frfcii, 

[0030] mknMQvtmmztm&mmmeomztf 

3 nm~6nmT$>-?^^LT. ^BJT-{i:RtS« 
OJf$Sr7nm~3 0nmi:tT^S. RMIS-CIOJ: 

iK^O. MQW«jti;V^J:0fcSQWfi!ji5-^*{C 

£*t&. P*ffi«tf>«£**3 0nm&j@;c.£i:, pSA^ 

aA$ix^m* s #F«^i'jai-ri. *-cfcG a N»sia 

[0031] *»BJfc:J3{tSMQW«Jt<0»4 
fl!l«StfKDPiMJIJ¥££l 0-3 0 nmfc-T&JBiat*^ 

-J^yVUfA (Mg=5rk") ^#F*^«rtl»Ct^ffi 
^§ix. S L>l,z\mJ s mi l zfrfr&&?f.l>iBMZti&co 

[0032] m&mcomili. I nGaN#FIt» 

i:LTGaN*ieW-*. fi^MQWflBreyu #F 
«^^^UT^Ktatf5SrIBltL, #F«iOt>^' 

fefc/O' H=¥-r 7r^^*fl^fflV^^fco 
fc.Witf,«»ItInGaN(InlJ(iO. 0 3)i 
Lfe«^. mmiS^? 7 >y HWtliA 1 G a N*ifflV^ 

[0033] ZtlttM tT*^BJT'{4. I n G a N#F 
«tA 1 GaNIMMIfcOtt^Ttt. feS«ft^«c7) 

LTJR0±»fCV^. HP^u AlQaNODHURTftiA 
1 GaNfcJt^JWWrC* 1 ). InGaN^fflfK 

tMInNIi GaNI,Zit^i&te&Z'h&. *fWWr 

ite^fiS*^iiasffi«{i > g a n # i o o o x:x-h o , i 

nGaN**l 000-CJJJIT (Iff 4 L<ti6 0 0~8 0 0 
XSB*) s AlGaNtiGaNJSLLT**. i-»T. I 
nGaN#F«fc. A 1 G a NP»M» 2: , 
#F**)jaE«*k . »Wi«)Kft^kT, JRJKMES:* 
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[ 0 0 3 4 3 L*>U jft*a*ft#F*/RIMH*fc3E 

tf)|8JBj&*±fc4. £*l6M^- H*7<0BH»*qir*Ji. 
A 1 G a NffSff s I n G a N#F«^ffl-^:T > ]«iB.W 
$r»**4<0liffl*T**. *fc. PtJSSSrA IGaN 

fc "r*vc#F*'^s»3& t *»*»* mat a o » ^ffi^-fb 10 
[0035] *jwrett» mtMwtmt vx 

4. £*UCj:oT* »&0 k #FJf T 

IWHfttettlBAmi.'r*. InGaNJWf«fc 
LTs I nGaNCA 1 ^IAUA 1 I nGaNI# 
FJfk LTJHWtfcJ:<. ZtllZjz-oX I nGaN«Di§ 

[0036] 36fc#«jreii, InGaN#FIiA 20 
1 G a NRMN k <^^t=^* JJeMB<*)»*fcBI 
jiLT, *SftafcKfc#F*k<OlS! <ttaW4A 1 Nfflsfi 
**»<v7rJl01thfc:A 1 GaNTiW*JMW*» 
mX'lt. A 1 GaNT*Mk#F«k<7)|S!) fcAlGa 

^*ift«ll^jaBSt6±iEI8I)S3WHfd$^*. Ji#W 
*JWW!kLTIi, A 1 GaNSOftb9£GaN*£ 
fflV>*B«*«i«r6*i*. HlOMtli, GaN«ilA* 

•y7riii:, ^te»t«aniU'Srv^Tyi«-roQaN 

tSAKfSO. l//m~2. Ovm) * 30 

OlCniGaNtIM ( 3 5 >x 
*J**S-£TV**. fc*S, Typ-rOGaNiiRftt 
WbTtAV*. nSGaN&yySli, *t'J7 

iftK&^it, nMGaNrJV^^bJB, nIGaN? 

[00373 MQwmmcomcoMi t\,m®t lx , # 

6*i4. B5i4, PMW^s i*ante J: ***>JT» 

Vvfe^y7VkTtt, #F««0»£6kU PfS«<9JI$ 40 
^lOnmi: LT^4#, iRar* 4. RB 

»*ai*i4*i5 < s si rams 5 x i o i s c m 
- 3 ULLk LX i>fti/tmiM1&Tt& £ k *<W* . 

a»te«m*3WSTr*. a* u*s i «Adtt*5 x 1 

0 16 cm" 3 ~5x 1 0 1! cm" 3 TM. 

[oo 383 maizm\^titmnmat> GaN**s 
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LT{4, W*.tt\ t77^7 (CR Affl. Rffl) , S 
iC (6H, 4H, 3C) . GaN, A 1 N, Si, X 
tT*;K ZnO, GaAs, NGO=5rk**<W6*l4. 
4fc s £*t6^rt***fcLT*"*-4*»T*-5Ti 

[003 93 aA3akGaN»t£Aak<3l8H::UU # 

1Kk LTGaN^ A 1 NtSA$2f*>6&*Sa*av% 
4*&(cli, A' 7 7r)ili»iil^. mmb'tW- 
*V^*,Bi»arGaNMt1»*fctt. GaNK*jft*-*-ft 
T«Ulk LT*roBBW>*3r*A 1 G a NHteE**-* 
k J;v>^k*^^o^ 0 AiGaNM»)±fc:fR**tfd 
k G a N fcttffiaEftj&«a»a»4 . £tf>«k 3 *««TJ«* 
Srfif 3 k A 1 G a N«/G a Nffi|#B ( lafcttA 1 G 
a NH_b*> G a NJ&ft*J*B ) ■CftffijWfcJfcfrfo k aatC 
At? 6*1, jftJCftfttetiHStt U? < &4 £ k 
fc. 0 £ o-t& £ k -eigi&SSrG a N 6fL 
4. £OA 1 GaNTtt«£j££-r4(3«:£4>fc*<DT 
tlfitC^'-y 7 r«S:fflV^4 £ k##* LV>. tvv\'- y 
7r»t LTte, G a N^f&mjS«^*-y 7 r 

a»*#flfWtUfJ:V>36»» GaNlfiM«A>7T)B 
»^k LTJis GaN, A 1 N, I nN^kWJ^S 

«ft^*k LTli, 3 0 0*C~6 0 01CJ&W 6*1 
4. ^'y 7TlO*Slil 0 nm— 5 0 nm, #{C2 0 
nm-4 OninAfJ tV>. IfW* LV^JSk LTte 
A 1 NA* 7 7rIW 6*L4. B2tstiiWO*?« 

ai<o-«ts%^. aHtes^iate, »j»«B±fe, 

A 1 Nilfc?afi!c^^-y 7r*10 Sr^-LTGa NjMSM 
*»6**flMWBtS*»j««UT*J0, MAI NffiSJSJl 
A 7 7rf 1 0^i£±(CA l»Gai-»N (0<x^l) 
TiMl l*^^$*LTV->4. 
[00403 A hGai-i NT«6ii<^Sil*i|t^{4A 1 
*M ( x<0«) tcj; K)^Wsth. Mtli. A 1 ififi!c*<3 
0%(x = 0. 3)«^J|W10nm~5^m, 
!Wft5 0 nm^ljumAtML^. 1 0 nm«t *) t>m^ 

i 0 4>ffV>k G a Narae*tt3&»«TT*<OTff * L< 
^•V\ ^^C, Al,Gai-«NT*l<OAliM(x(!D 

a> -tjwisrrtMcaatAHrctJiv^ tfc, Aia^ 
54, aawtcswELT wc 6^.x v ^^^st^t t 

TVVCi>&V->. A 1 GaNT*a<OJS;Mfl*V-> 

<WI*.(4*s AlfflfiK3!!i3 0%<50B# > 50 0nm~50 0 
Onrn^*) -e^itilWaftMaWSJBJfttTtA 

[0 04 1 3 *«Bjf|i, play^? hJSSr I nGa 
N izxm^-tt £ k {4*f L^mU<r> 1 -?T'*4 . IP 
*>, P lGaNay^?NS^««OGaNM 
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Play^? hffiW, 1 X 1 0-3Qcm 
2 mKi:^< , &^i><7)X'l> 1X10-^c m*nXX*> 
t.ZtHzMLX. I nGaNSrpfny^? hScOW 
#k UTffiV>fc*te\ T^r^ftfr'^K&O, *- 
jl*ttJi«Wlrf-4 k -3 a 9 YWStifi 1 x 
1 0-6 Q c m*SKte*TT3& t 4 k V>"3ffljft**»6*l 
S. 

[00 4 2] pamifrjftftf^paa^^h* 

UU MgK-n nyGai-vN (0<Y£1 ) ftiZ 

£ k £ . iiitt. jftJWM>#**B»W»tf> 
«X*Wiiii:**r*4*»feT*&. ±fc» InGa 

gteSrWrS 3 k a*?* h&Mb LX . H-tT^L 

MQw«ijt^. mma<oGaum&&fr 

fe**#F*k, Si*^GaNJHMW»fc**|»lK 

[0043] t&MHLtfcfifc*'*-* G a N$&A*C0« 

■Tiikfcffv*, s i o«fctfolWBS:&»&:fir**fl> 
#G a N*ttJM*»&& twmmt*£istfu#&t> 

[0044] mGL®mim<otiito<Dmmt lt«±, 

(v>) ti^&03MtR&*& (EL08) *XltLtt& 
J: 31;:, »JUt«±t=^^* (Si Oi*4f*»fflv^4, 

*i*> zxh?-<y°^?-y%t'bLx&f&Ltmm. 

£*U>tf>ltitkA.y7TJikl4, iffijfi^-ti-T «tv\ 

[0045] ^M£fi^fcfe0tNSa&**ct> , ± 

KIT, iJttcovvtRBJH-*. EilWtflEDWfefc LT 
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[00461 WOflKW—yti* H » b^msp 
10 «Jttf) M« t-^^-^iWif 
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